An urban system is complex and so it can respond in more than one way to its environment. Urban land use dynamics are the direct consequence of the action of individuals, public and private agents acting simultaneously in time over the urban space. Urban land use represents an intense and complete transformation of the natural environment for its essential construction of urban fabrics including residential, industrial and infrastructure development which is driven by population growth, social and economic development. Urban planning usually involves the comparison between a set of planning scenarios and development options before making a plan. The analysis of alternative planning options is an essential part of plan making. Every time an urban land use plan is prepared, the urban planners are under pressure with limited resource availability and time frame. The plans are therefore prepared without application of an appropriate scientific tool or urban model, to minimise resource and time and so the plans suffer validation. Further, evaluation of the plans in the mid-course with the ground reality and modification wherever necessary is possible only when they have suitable tools in hand to prepare alternate plans. Such a plan will encounter fewer errors and be more successful.
Introduction
Urban land use dynamics are the direct consequence of the action of individuals, public and private corporations acting simultaneously in time over the urban space. As a consequence, cities are the spatial result in time of all these influences, which continuously contribute to shape the city (Barredo et al. [1] ). Urban land use represents an intense and complete transformation of the natural environment for its essential construction of urban fabrics including residential, industrial and infrastructure development. Urban land use expansion is driven by population growth, social and economic development (Liu and Prieler [2] ).
Land use change in metropolitan areas typically reflects economic development and population growth. Thus the analysis of spatial-temporal patterns for land use/cover provides an objective basis for understanding the relationships between urban growth and related economic, population and environmental factors. Change detection for land use/cover categories, through the integration of satellite imagery, environmental and socio-economic data, has been commonly used for the analysis of the dynamic pattern of urban growth (Liu and Zhou [3] ). Land use planning is the most essential process in the management of urban areas. White et al. [4] points out that effective planning and management requires both data on current conditions and an ability to foresee the likely consequences of proposed projects and policies. Efficient modelling of urban system has become a pre-requisite for effective management and functioning of the urban areas. The present set up in the planning of Indian cities urges the need for the availability of simple, flexible, resource and time efficient urban models for successful planning and management of urban areas. Such a tool capable of supporting the generation of urban land use scenarios will be beneficial for the urban planners to generate alternate plans for decision making. Recently, cellular automata (CA) have gained popularity as modelling tools for urban process simulation.
The aim of this paper is to develop cellular automata based land use simulation model in the context of metropolitan sub urban area. The first part of the paper discusses the dynamics in urban land use change, the variables which influence urban growth, the components and design of the model. The second part deals with the application of the model for the sub urban case study area of Thirumazhisai in Chennai Metropolitan Area, and the results of the simulation model. Bhatta [5] emphasises how 'land cover' differs from 'land-use'. 'Land-cover' corresponds to the physical condition of the ground surface, for example, forest, grassland, cropland, and water; while 'land-use' reflects human activities such as the use of the land, for example, industrial, residential, recreational, and agricultural. Land-cover refers to features of land surface, which may be natural, semi-natural, managed, or manmade. They are directly observable by a remote sensor, whereas, land-use refers to activities on land, or classification of land according to how it is being used. Basically, urban planning organisations consider land use than land cover in the analysis of urban growth for making land use plans. The urban growth process is a self-organized system Cheng and Masser [6] . The term 'process' generally refers to a sequence of changes in space and time-spatial processes and temporal processes, respectively.
Modelling land use change dynamics

Variables influencing urban growth
Several studies had identified different sets of variables which influence urban growth. Yeh and Li [7] had identified seven spatial variables to represent the site attributes of each cell for the simulation of urban development viz., (i) distance to the major urban areas; (ii) distance to suburban areas; (iii) distance to the nearest road; (iv) distance to the nearest expressway; (v) distance to the nearest railways; (vi) neighbourhood development level; and (vii) agricultural suitability. Maithani [8] had identified that urban growth is defined as a function of the following three factors, also called as causative factors which are (i) accessibility to roads (connectivity is a major factor affecting the urban growth process); (ii) accessibility to the city core, (most of the higher level facilities are located in the city core); and (iii) accessibility to infrastructural facilities. Almeida et al. [9] had used an extensive list of twelve variables for determining urban land use change through simulation viz., (i) area served by water supply; (ii) mediumhigh density of occupation (25% to 40%); (iii) existence of social housing, (iv) distances to ranges of commercial concentration; (v) distances to industrial zones; (vi) distances to residential zones; (vii) distances to peripheral residential settlements; (viii) distances to isolated institutional use; (ix) distances to main existent roads; (x) distances to the service and industrial axes; (xi) distances to planned roads; and (xii) distances to peripheral roads.
This research uses four variables in the simulation model for land use change analysis. They are (i) accessibility to transportation networks; (ii) physical quality and land availability; (iii) proximity to work places; and (iv) plans and policies.
Model structure
Li and Yeh [10] explain that simulation of urban growth is normally done on a binary basis, i.e., land is either assigned or not assigned for urban development. Cellular automata based urban growth models are the most sought after models for their simplicity. Torrens [11] suggests that cellular automata can be useful in simulating urban systems because land use, concentrations of employment location and population change can all be modelled as automata; cells can effectively aggregate economic, demographic and transportation data; neighbourhoods as part of the city scape can be successfully simulated by equivalent neighbourhoods of cells on the cellular lattice; and even urban theories based on spatial interaction models can be tested and represented. The approach is particularly useful for representing the interactions between a location and its immediate environment, but tends to reflect a fairly abstract representation of agents, decisions, and behaviour, since the models focus on simulating the change in state of individual cells (Waddell and Ulfarsson [12] ).
CA are models in which contiguous or adjacent cells, such as those of that might comprise a rectangular grid, change their states -their attributes or characteristics-through the repetitive application of simple rules (Batty [13] ). The rules for transition from one cell state to another can be interpreted as the generators of growth or vice versa. This change is a function of what is going on in the neighbourhood of the cell, the neighbourhood usually being defined as immediately adjacent cells, or cells that "in some sense" are nearby. The principle can be stated in its most generalized form as " IF something happens in the neighbourhood of a cell THEN some-other-thing happens to the cell". The above rule will result in a pattern containing randomly located vacant sites. Therefore the rule is modified so as to generate an entirely compact urban form in the following way:
" IF there is at least one developed cell in the Moore neighbourhood around the cell in question THEN the cell is developed with a probability ρ". CA models can be implemented within many types of software. It is possible to program them in spreadsheets such as Excel using the chart function as a means of displaying the 2-dimensional grid, and this is aided even further if the modules for plotting maps within the spreadsheet are available. CA models can be easily developed that use the extensive graphics capabilities of GIS and computer aided design systems packages.
Components of CA
A conventional cellular automaton consists of five components [1] viz., (i) a Euclidean space divided into an array of identical cells; (ii) a cell neighbourhood; (iii) a set of discrete cell states; (iv) a set of transition rules, which determine the state of a cell as a function of the states of cells in the neighbourhood; and (v) discrete time steps, with all cell states updated simultaneously.
Adopting a strict CA model is possible in the research laboratories. The planning organisations, however, with paucity for resources, accurate historic data and very limited time frame need a simplified tool which does not require expertise for application in real time cases. Therefore the basic principle of CA in formulating the components for simulation is adopted in this research using the software tools -PHP SQL dataset and JSP.
Specifications of the model
The specifications of the CA based land use simulation model are given in Table 1 .
As seen from Table 1 , the model adopts a two dimensional grid with a cell size of 150m x 150m and 9 cells Moore neighbourhood, i.e., the cell under consideration in the centre surrounded by 8 other cells. The permanent features, mostly under the control of the respective Government agencies cannot be Table 1 : Specifications of the proposed CA based simulation model. altered and so they do not participate in the land use change dynamics, though they exert significant influence over the system. Also, the already developed areas are retained without allowing them to participate in the land use change dynamics. However, they also exert significant influence on the development of other cells forming part of the 9 cells Moore neighbourhood. Three cell states or land uses viz., residential, commercial and industrial uses are taken up for simulation. The model becomes considerably more complex when different activities are considered (Batty et al. [14] ). Therefore, transition rules based on the weightages assigned to the parameters under each variable for the three cell states i.e., land uses are carefully drawn to evolve the probability of a cell for development. At the end of the simulation, the transition rule changes a cell to a cell state i.e., the land use with high land use suitability based on the scores of the weightages, than the other two cell states. The cell states are not changed if they have low land use suitability. In order to calibrate the model, a comparison of the actual and simulated extents of different land uses in the year 2011 is given in Table 2 . There is a correlation of over 60% in residential use and over 90% in industrial use. Also there is a good correlation in agricultural land use. However the simulation has not performed well with commercial use. 
Case study
Results and discussion
Li and Yeh [10] The calibration exercise has proven that the model is valid for application for simulation of land use changes subject to the availability of accurate historic data. The limitations in data accuracy shall be overcome if only the planning authorities update the data at regular intervals. By simulating the land use into the future and by incorporating the population, housing and infrastructure projections, different scenarios could be generated for assisting decision making. The case study area being a small Town Panchayat, the simulation was carried out without incorporating GIS. Building of CA functionality into GIS with remote sensing data will make the task much easier and quicker. For larger extents or for the simulation of land use changes for the metropolitan areas, the very same model could be coupled with GIS and remote sensing data.
Conclusion
A pragmatic rather than a theoretical approach is adopted in this research to make the process as simple as possible for adoption by urban planners in the planning process. The CA based simulation is flexible in the sense that the transition rules for any time period could be modified based on the inputs into the system and hence it is possible to generate scenarios from time to time for modifying the plans for successful implementation and evaluation.
